Polycystic ovary syndrome (PCOS) has been associated with increased cardiovascular risk (CVR) markers, but population studies have not clarified whether there is an increase in cardiovascular morbidity and mortality. Four different PCOS phenotypes resulted from the Rotterdam criteria that may differ in their CVR potential, thus introducing further complexity. This has led to studies using surrogate CVR markers including biomarkers in blood and imaging such as flow-mediated vasodilatation. In PCOS, both peripheral and central insulin resistance (IR) have been shown. Weight loss has been shown to improve IR and visceral fat, while insulin sensitizer therapies with metformin or thiazolidinediones improve IR and endothelial dysfunction. IR is also found in non-alcoholic fatty liver disease that in turn is very common in PCOS; studies have suggested that IR may be improved by treatment with metformin and omega-3 fish oils. PCOS patients have a more dyslipidemic phenotype that is worse in 'classical PCOS' associated with a higher CVR. Studies with atorvastatin and simvastatin have reported a decrease in the lipid parameters and an improvement in CVR indices including IR, but it is unclear whether this is due to their lipid-lowering action or a pleiotropic effect of the statin. In this expert opinion review, the relevant literature published during the last 2 years was considered. It focuses on some recent important data that has emerged while also exposing the gaps that remain in our knowledge that need to be addressed.
Background
In Greek mythology, cutting off the head of the Hydra led to the re-growth of several more heads from the stump. This is akin to the replacement of the National Institute of Health (NIH) workshop criteria for the diagnosis of polycystic ovary syndrome (PCOS) by the Rotterdam consensus criteria (1) that has led to four PCOS phenotypes: 'classical' oligomenorrhea, hyperandrogenism, and polycystic ovaries; oligomenorrhea and hyperandrogenism; oligomenorrhea and polycystic ovaries; and hyperandrogenism and polycystic ovaries without menstrual irregularity. This resulted in the need to define whether each of the phenotypes was equal in terms of cardiovascular risk (CVR), metabolic aspects, and reproductive issues. The first study reported the prevalence of PCOS in women of reproductive age in a Greek population to be around 7%. The current accepted prevalence of 6-10% for PCOS was based on studies applying the NIH criteria but has been estimated to have increased to 20% using the Rotterdam criteria (2), in turn increasing the potential CVR to a much greater number of premenopausal women. Further, subclassification based on obese or non-obese PCOS has led to a confusion of greater potential and a large increase in the literature. This is partially addressed by the Androgen Excess and PCOS (AE-PCOS) Society criteria for PCOS suggesting that PCOS should be defined by the presence of hyperandrogenism (clinical and/or biochemical), ovarian dysfunction (oligo-anovulation and/or polycystic ovaries), and the exclusion of related disorders (3) . A critical review of recent clinical and scientific advances is necessary to direct current best clinical practice and to determine the direction for focus on future scientific research. This narrative review attempts to address these issues by giving an overview of the literature focusing on advances since 2009. to enhance cardiovascular morbidity and mortality. Initial studies on patients with PCOS undergoing wedge resection suggested that there was no increase in cardiovascular mortality (CVM) (2) . Conversely, the Nurses' Health Study has shown that women with a history of menstrual irregularity have an increased risk of both non-fatal and fatal coronary heart disease (CHD) (4) .
As testosterone levels tend to fall after menopause, the elevated levels here may identify a more at-risk group. Recent data have not helped to clarify the situation. A relationship between menstrual irregularity and an increase in the age-adjusted risk for CVM was recently reported (5), though this was not significant when body mass index (BMI) was adjusted for in this cohort.
Studies on postmenopausal, middle-aged, and elderly women have shown that there was a significantly increased age-adjusted risk for incident CHD and events for the highest quintiles of total, bioavailable, and free testosterone relative to the median and bottom quintiles (6, 7) . Although these studies did not distinguish between women with a history of irregular menses or PCOS, the above data have implications for the cardiometabolic role of hyperandrogenemia, which persists after menopause in PCOS women (8) .
Thus, the evidence supports the need for a prospective long-term adequately powered observational trial to determine whether PCOS patients are at a sufficiently increased risk of cardiovascular events to warrant a more decisive intervention as is seen for patients with type 2 diabetes.
PCOS phenotypes
The use of Rotterdam consensus criteria (1) has led to four PCOS phenotypes: 'classical' oligomenorrhea, hyperandrogenism, and polycystic ovaries; oligomenorrhea and hyperandrogenism; oligomenorrhea and polycystic ovaries; and hyperandrogenism and polycystic ovaries without menstrual irregularity. Of the four phenotypes possible within the spectrum of PCOS based on the Rotterdam criteria, the phenotype without hyperandrogenism (only oligomenorrhea and polycystic ovaries) has been controversial (9) . The classical phenotype of oligomenorrhea, hyperandrogenism, and polycystic ovaries in comparison with the other subtypes has higher BMI due to greater general and central obesity, more severe insulin resistance (IR) and a higher prevalence of dyslipidemia and other CVR markers (2, 9, 10, 11) . According to the AE-PCOS Society consensus statement (12) , ovulatory PCOS patients have a lower BMI, lesser degrees of hyperandrogenism and hyperinsulinemia, reduced metabolic syndrome prevalence, and milder forms of dyslipidemia whereas non-hyperandrogenic PCOS patients have the most metabolically favorable profile, often indistinguishable from normal women. While those with ovulatory PCOS appear to have less instances of increased CVR, it is still greater than in normal controls (9, 10, 11) . In a recent systematic review and meta-analysis, there was a twofold risk of arterial disease for patients with PCOS relative to women without PCOS (13) . This twofold risk estimation of arterial disease was based on five studies, and this finding was robust when the two BMI-matched studies were pooled (13) .
However, what is striking is that the 'non-classical' PCOS phenotypes generally have lower BMI, which raises the question as to whether they would be classified as being 'classical' if they were to be weight matched with a BMI O30. In this regard, the differing phenotypes could simply be part of a continuum whose clinical manifestations are expressed with increasing body weight. In an observational study, it was shown that the more insulin-resistant phenotypes were also the most hyperandrogenemic and were the most prevalent phenotypes (14) .
Surrogate CVR markers

CVR markers in blood
Owing to the lack of outcome studies to determine whether PCOS is associated with increased morbidity and mortality, a wealth of surrogate markers have been reported. A wide (and bewildering) variety of additional CVR markers have been proposed.
In a meta-analysis looking into the relationship between PCOS and CVD, various CVD risk markers were analyzed (15) . A total of 130 data sets in 11 different outcomes, involving 7174 and 5076 CVD markers in women with PCOS and controls respectively, were taken into account. It was found that women with PCOS showed significantly elevated CRP, homocysteine, plasminogen activator inhibitor-1 (PAI-1), PAI-1 activity, vascular endothelial growth factor, asymmetric dimethylarginine (ADMA), advanced glycation end products (AGEs), and lipoprotein a (Lp(a)) concentrations compared with controls, yet with significant between-study heterogeneity (15) . Whether this apparent increase in risk is translated into CVD later in life needs to be elucidated.
Increased serum AGEs have been shown to be a distinct finding in PCOS women, independent of obesity and IR (16) . It has been shown that in postmenopausal women, higher levels of AGEs were positively associated with higher androgen levels (17) . This association was suggested to be a potential pathophysiological mechanism contributing to the described higher prevalence of cardiovascular events in postmenopausal women with higher androgen levels (with and without PCOS features).
Endothelin-1, a marker of abnormal vascular reactivity, seemed to be increased in the obese and non-obese women with PCOS compared with the agematched controls, independently of the presence of 576 T Sathyapalan and S L Atkin www.eje-online.org obesity (18) . A positive correlation of endothelin-1 with free testosterone levels as well as a negative correlation of endothelin-1 with glucose utilization in the total studied population was also shown (18) .
Elevated interleukin 18 (IL18) has been associated with CVR, and in a study of 60 PCOS patients, IL18 was elevated in PCOS and correlated with IR; however, the elevation appeared to be accounted for by obesity rather than PCOS as an independent factor (19) . Plasma advanced oxidation protein products are associated with oxidant-mediated protein damage that was shown to be higher in PCOS and was independently related to IR. It was associated with higher oxidative stress measures and elevated highly sensitive C-reactive protein (hs-CRP) while being unrelated to obesity (20) ; this may be a useful marker in studies with both obese and non-obese PCOS subjects. Others looked at ischemia-modified albumin (IMA) that reflects chronic hypoxia and oxidative stress, which was found to be elevated in PCOS. However, only hs-CRP correlated with IMA suggesting that its elevation was a marker of increased oxidative stress perhaps due to the chronic inflammation found in PCOS (21) . Urinary albumin excretion (UAE) affects endothelial dysfunction and in diabetes correlates with CVD. It was surprising to see UAE at overt microalbuminuria levels reported in 24% of normotensive, non-diabetic women with PCOS as this is a higher prevalence than that seen in diabetic patients. The UAE correlated with diastolic blood pressure, insulin, 17-hydroxyprogesterone, and prolactin in these patients (22) . Should these findings be confirmed and the mechanism identified, this could have important clinical implications in guiding whether anti-hypertensive therapy should be implemented as it is for diabetes.
In another study on women with PCOS as per NIH and Rotterdam consensus definitions, ADMA, which is an inhibitor of nitric oxide (NO) synthase and serves as a CVR marker, was highly compared with controls independent of age and adiposity (23) . However, no differences in other markers of endothelial function or arterial stiffness were apparent between phenotypes in this PCOS cohort (23) .
Platelet function is directly related to endothelial health, and early studies have been performed in non-obese insulin-resistant PCOS patients showing increased platelet aggregation (24) . However, recent data suggested that platelet aggregation is increased and its inhibition using the NO donor sodium nitroprusside is impaired in both lean and overweight PCOS patients compared with controls, but the magnitude of the abnormalities did not correlate with IR, BMI, or androgen levels (25) .
Clinically, the lipid accumulation product index that combines waist circumference and the triglyceride concentration was shown to correlate with IR. Receiver-operating curve analysis showed the lipid accumulation product index to have better performance than non-HDL-cholesterol or BMI in identifying IR (26) ; this may have some usefulness in clinical practice.
CVR markers by imaging
Endothelial cell dysfunction is recognized as one of the earliest markers of CVD, but reports of its occurrence in PCOS have been conflicting (27, 28) . Imaging studies have added weight to the suggestion that endothelial damage occurs early in young women affected by PCOS (29, 30) . The studies have included: angiography, suggesting that PCOS women have more extensive coronary disease; increased carotid intimal thickness on ultrasound; and increased coronary artery wall calcium determined by electron beam computed tomography (EBCT), another non-invasive measure that reflects coronary artery disease. Using EBCT and aortic magnetic resonance imaging (MRI) for aortic plaque, there were no differences in PCOS subjects despite the higher BMI of that population (31) , though whether this may be due to the population under study or sensitivities of detection are unclear. Studies have suggested that blood vessels are more inelastic in PCOS.
It was shown by brachial artery flow-mediated dilation (FMD) that the blood vessels are more inelastic and impaired in PCOS patients, independent of obesity (29, 30, 32, 33) . This again suggests that peripheral vascular distensibility reflects both obesity and PCOS (perhaps through IR) as independent variables. However, in a recent pilot study, it has been shown that FMD in both normal weight and overweight PCOS subjects was attenuated to the same degree in overweight subjects without PCOS (34) , but the sample size was small in this study.
Further evidence on the potential independent effect of PCOS on endothelial function was seen in a study on the daughters of women with PCOS who had a normal BMI, were eumenorrheic but had polycystic ovaries on ultrasound. These subjects showed increased IR and decreased brachial response to FMD compared with controls (35) . Whether arterial stiffness is a factor in CVR has been approached by others in a different manner: aortic stiffness and distensibility has been shown to be an accurate measure for coronary artery disease; however, these measures were not shown to be increased in a study of non-obese PCOS patients, suggesting that PCOS is not associated with CVR (36) . Confirmation that central obesity rather than PCOS per se increased arterial stiffness substantiates this (37) . Concordant findings have been reported by another study that showed that women with PCOS who are young, non-obese and have no biochemical evidence of IR, have abnormal vascular function but normal arterial stiffness when compared with age-and weight-matched control subjects (38) .
It has been shown that autonomic innervation of the heart may be affected in PCOS with increased sympathetic and decreased parasympathetic components of heart rate variability (39) . In a recent study of 75 women with PCOS and matched controls heart rate recovery, a measure of autonomic dysfunction associated with increased mortality was impaired in PCOS after maximal cardiopulmonary exercise testing, and was inversely related to BMI (40) . The authors showed that there was also a reduced VO 2 max indicating cardiopulmonary impairment, but additional autonomic function studies are required to confirm this. However, obstructive sleep apnea (OSA) was not excluded and this may be important in this finding. OSA is a common finding in PCOS and an independent risk factor for CVD (41) . In a study of 56 PCOS patients, of whom 26 met the inclusion criteria for OSA, following 8 weeks of continuous positive airway pressure (CPAP), there was a modest (7%) reduction in insulin sensitivity with the suggestion that the effect was attenuated by obesity and enhanced with longer CPAP therapy (42) . Most striking was the improvement in heart rate variability (a measure of cardiac autonomic function with lower sympathetic and higher parasympathetic tone) by 44% after CPAP; norepinephrine and daytime diastolic blood pressure were also decreased (42) . While this was a small study that was not placebo controlled, it may in part explain the findings of altered cardiac autonomic function, but further studies need to confirm this.
Overall, these surrogate marker studies give enhanced tools to be employed in the investigation of CVR, but their utility needs to be determined by their combination, PCOS phenotype, control selection and larger population studies.
Metabolic syndrome and PCOS
With the high prevalence of obesity, increased IR, hypertension, and dyslipidemia, it is not unexpected that metabolic syndrome affects 33-47% of patients with PCOS. The prevalence of metabolic syndrome in subjects with PCOS is up to twofold higher than in weight-matched subjects, with an increased prevalence as obesity increases (2). Metabolic syndrome is three times more common in classical PCOS than in other subtypes (10) . In a recent study looking into phenotype and metabolic profile of South Asian women with PCOS, young indigenous South Asians with PCOS have greater odds of being centrally obese compared with BMImatched controls, with a third having metabolic syndrome that bears no relationship with the androgenic phenotype. The significant predictors for metabolic syndrome within the PCOS cohort were advancing age, obesity determined by the Asian cut off (BMI O25 kg/m 2 ), and acanthosis nigricans, while family history of diabetes, hyperandrogenism, and elevated SHBG did not have any predictive value (43) , suggesting that we also have to factor ethnicity into equation. However, whether metabolic syndrome confers a CVR over and above the sum of its parts is still unclear. This does suggest that future studies need to pay particular attention to the careful selection of PCOS phenotypes and control subjects in CVR studies to ensure that unambiguous data are collected and interpreted.
IR and PCOS
Although the diagnosis of PCOS is not a part of the criteria, IR is common in 60-80% of PCOS subjects and thought to be a major independent component of CVR (44, 45) . However, the role of IR in PCOS independent of obesity remains unclear. This IR is greater in incidence and magnitude for obese subjects, but it is also found in non-obese subjects with PCOS (46). In a cross-sectional study, 46 of 143 women with PCOS (according to the NIH criteria) had glucose tolerance abnormalities, 16 had impaired fasting glucose (IFG) indicative of hepatic IR, ten had impaired glucose tolerance (IGT) indicative of peripheral IR, and 20 had combined glucose intolerance (CGI) indicative of combined hepatic and peripheral IR (47) . Age was found to be a determinant of glucose intolerance while obesity was a determinant of IR. Despite these associations, this study also highlighted that even those with normal glucose tolerance may be severely insulin resistant and that the CVR factors of higher triglycerides and hs-CRP, with lower HDL levels, worsen before hyperglycemia. The authors proposed not only that IR increases with weight gain, but also that a decrease in overall insulin levels results in IFG, while a decrease in the early insulin response results in IGT/CGI even if the overall insulin levels are elevated. These subjects were not classified according to the Rotterdam criteria and further work needs to be undertaken to define whether the differing PCOS phenotypes are associated with IFG, IGT, or CGI. It has recently been shown that women with NIH and non-NIH PCOS have similar Finnish Diabetes Risk Scores and increased scores relative to controls independent of age and adiposity (48) .
Type 2 diabetes risk and PCOS
Several relatively small studies have shown an increase in IGT and the development of type 2 diabetes amongst PCOS patients, particularly in subjects with a positive family history (49, 50, 51, 52, 53, 54) . The AE-PCOS Society consensus statement (12) recommends a 2 h post-75 g oral glucose challenge to be performed in PCOS women with a BMI O30 kg/m 2 , or alternatively in lean PCOS women with advanced age (O40 years), personal history of gestational diabetes, or family history of type 2 diabetes. They also suggest that patients with normal glucose tolerance be rescreened every 2 years or sooner if additional risk factors are identified (12) . Risk factors for the development of diabetes are compounded by obesity (49) . In the WISE study (2) , women with the clinical features of PCOS were more likely to have diabetes, with a twofold higher incidence of diabetes reported in the Coronary Artery Risk Development in Young Adults Cohort, although the group with persistent PCOS consisted of only 11 women (55). However, this was not seen in the population of the Dallas cross-sectional study, though IR was demonstrated (31) . Does this impact on CHD? While baseline diabetes is a strong predictor of CHD mortality when excluded from the multivariate analysis, menstrual irregularity continued to be a strong predictor of CHD mortality (5). In another cross-sectional study, 46 of 143 women with PCOS had glucose tolerance abnormalities, of whom 16 had IFG, ten had IGT, and 20 had CGI (47) . In a recent metaanalysis, PCOS was associated with a 2.5-fold higher risk for IGT and a 4.5-fold higher risk for type 2 diabetes (56). It is recognized that patients with glucose abnormalities have a higher conversion to type 2 diabetes, and it has been suggested that an oral glucose tolerance test should be performed every 2 years for those with normal glucose tolerance and annually if IFG or IGT is present (2) . This consensus statement also endorsed the use of an HbA1c O6.5% as proposed for diabetes diagnosis (57) . However, caution should be exercised as patients with type 2 diabetes may be missed (58) , and the utilization of HbA1c for the diagnosis of diabetes in PCOS needs better definition.
Dyslipidemia in PCOS
Dyslipidemia is common in PCOS and is present in up to 70% of subjects (2, 59 ). An atherogenic lipid profile has been described that is not consistent between studies but may include high LDL and triglyceride levels, altered LDL quality, and a low HDL level consistent with increased CVR. The AE-PCOS Society consensus statement (12) recommends a complete lipid profile including LDL-cholesterol, non-HDL-cholesterol, HDL-cholesterol, and triglycerides in all patients with PCOS. The severity of the dyslipidemia appears to vary according to the phenotype with the most severe lipid abnormalities affecting the traditional PCOS, and much milder with other phenotypes such as the ovulatory variant (60) . In a study comparing PCOS patients with weight-matched normal controls, there were no differences in LDL levels, but there were higher levels of smaller LDL size and higher concentrations of Lp(a), indicating a more atherogenic profile in one-third of patients (61) . In a comparison between anovulatory and ovulatory PCOS patients, it was found that Lp(a) and small dense LDL were higher in the anovulatory subjects, and IR independently correlated with decreased HDL levels and elevated small dense LDL (60) . The origin of the small dense LDL is likely to be from the elevated triglycerides via hepatic lipase that may reflect the presence of non-alcoholic fatty liver disease (NAFLD), as discussed below. In a recent metaanalysis, dyslipidemia was found to be common in women with PCOS. Beyond known alterations in triglycerides and HDL-cholesterol, women with PCOS have higher LDL-cholesterol and non-HDL-cholesterol, regardless of BMI, and it is recommended that all women with PCOS be screened for dyslipidemia, including LDL-cholesterol and non-HDL-cholesterol determinations, for effective CVR prevention (62) .
The question then arises, is dyslipidemia a risk factor secondary to obesity or mainly a consequence of the PCOS state? Two studies have addressed this using statin therapy. In the first, atorvastatin was used in a double-blind placebo-controlled trial and was shown to reduce lipid parameters, IR, and hs-CRP and with a significant increase in sex hormone binding globulin (63) . In a follow-up study, when those patients initially treated with atorvastatin were given subsequent metformin therapy, IR and the metabolic parameters of patients were maintained for a further 12-week period, though the cholesterol parameters increased on cessation of the statin (64) . In a second study using simvastatin with and without metformin, lipid parameters, hs-CRP, and soluble adhesion molecule-1 decreased, and the combination with metformin afforded no additional benefit (65) . While it is possible that the pleiotropic effects of statin therapy were responsible for these effects, the alternative hypothesis is that the reduction in cholesterol and improvement in the dyslipidemia were the primary mechanisms.
While these studies are promising, there is concern over the teratogenic effects of statins in women of childbearing age. Furthermore, we do not have the data to advise us on whether we should be addressing the dyslipidemia as either primary prevention or, as for diabetes, secondary prevention. The lipid levels in the literature suggest that treatment is arbitrary as no definitive studies have been performed in PCOS. Equally, treatment thresholds are difficult as these patients are young and even in the scenario of a subject with the combination of IGT, hypertension, and a high total cholesterol/HDL ratio, when put into traditional risk engines such as Framingham, or UKPDS, then such a patient will have a low CVD risk because of their youth.
NAFLD in PCOS
The prevalence of NAFLD may be as high as 55% (66) , though this may show ethnic differences with only 39% of Chinese subjects having been shown to have NAFLD (67) . It is recognized that NAFLD is associated with IR and CVR, but it is not clear whether the coexistence of PCOS and NAFLD has an additive effect on CVR. In the study of Chinese subjects with PCOS and NAFLD using ultrasound, mesenteric thickness as a measure of visceral adiposity was related to NAFLD and IR (67) .
The question then arises, how do we address this NAFLD in PCOS? One way to address this was shown in a study with a double-blind, placebo-controlled (olive oil), crossover trial with marine omega-3 fatty acids (4 g daily) (66) . Liver fat content measured by liver MRI decreased significantly, as did serum triglycerides and systolic and diastolic blood pressure, although there were no effects on BMI, non-esterified fatty acids, IR, hs-CRP, or androgen status. Metformin treatment for 6-12 months also improved hepatic parameters by reducing biochemical markers of NAFLD (62, 63) . Further studies, perhaps using GLP-1 analogues or thiazolidinediones that have been used in NAFLD studies, need to be performed in patients with concomitant PCOS to determine the optimal treatment.
Medical intervention in PCOS
Lifestyle modification is recommended as the first-line therapy for the avoidance of CVR, but there are little data on its effectiveness (2) . A study of exercise training in overweight and obese women with and without PCOS showed that visceral fat correlated with IR; after 12 weeks of intensive supervised exercise, both IR and visceral fat decreased significantly but there was no linear correlation. Although weight was unchanged, triglyceride levels fell (68) . This study also highlights the difficulty in performing exercise trials in PCOS; of 117 women eligible following screening, only 34 agreed to participate and only 21 completed the study.
The question remains, can these markers of endothelial dysfunction be modified by treatment? Earlier studies on PCOS women have shown a beneficial effect of metformin on markers of endothelial dysfunction (18, 32, 33) . In a double-blind placebo-controlled trial with the insulin sensitizer metformin 500 mg three times daily, arterial stiffness, blood pressure, pulse wave velocity, and endothelial function were improved over a 12-week period (69) . In a longer 6-month study comparing metformin 850 mg twice daily with pioglitazone 30 mg once daily, both insulin sensitizers returned endothelial function to normal (measured by FMD) in PCOS subjects; this correlated with the decrease in IR (70) . However, patients were not hypertensive or dyslipidemic compared with controls, and it is recognized that these parameters have an independent effect on endothelial cell function that may abrogate treatment effects and account for the discrepancies in other studies.
Many patients with PCOS are treated with oral contraceptive agents for their menstrual irregularity and hirsutism. Drospirenone (DRSP) is a 17a-spironolactone derivative progestin that combines progestogenic activity with anti-androgenic and anti-mineralocorticoid activity that may therefore have a beneficial CVR profile (71, 72, 73) . In one study on 16 lean and 12 overweight PCOS subjects, after giving 30 mg ethinyl estradiol (E 2 ) and 3 mg DRSP for 6 months, no effects were found on endothelial function or CVR indices (71) . In a second study, ethinyl E 2 /DRSP was associated with an increase in systolic, diastolic and 24-h blood pressure of about 5 mmHg and an increase in triglyceride levels (72) . A third study using a lower dose of 20 mg ethinyl E 2 showed improved insulin sensitivity and did not adversely affect blood pressure or serum lipid values, effects that were not enhanced with the addition of metformin (73) . The optimal estrogen containing oral contraceptive for PCOS needs clarification, but these studies suggest that the combination of 20 mg ethinyl E 2 with 3 mg DRSP may at least be neutral on CVR. In a meta-analysis to investigate the association between oral contraceptive use and dysglycemia, dyslipidemia, and IR in women with PCOS, it was found that use of oral contraceptives was not associated with clinically significant adverse metabolic consequences (74) . However, due to limitations of the underlying studies, further research including rigorously designed randomized trials is needed.
Recent data demonstrate a potent effect of DRSP in inhibiting adipogenesis through its specific anti-mineralocorticoid properties. Thereby, DRSP may display favorable metabolic effects in women, in adequate combination with estrogens, to prevent excessive adipose tissue deposition and its related cardiometabolic complications (75) .
In summary, further larger studies on lifestyle intervention and the combination of insulin sensitization with oral contraceptive use are needed to help define optimal medical therapy in PCOS.
Summary
Hercules overcame the Hydra by cauterizing the wound after cutting off each head to prevent more heads from appearing. It is clear that without definitive prospective studies, the natural history of CVD and diabetes development will not be defined clearly enough to allow appropriate risk strategies to be implemented. Uncertainty over CVD will continue to prevail, and the increased publication of surrogate markers of CVD will continue unabated. Should increased CVD risk be proven, there will be a need for long-term prospective studies to address whether we can modify those factors for CVD. From this review, there is evidence that visceral obesity may exacerbate the PCOS phenotype and endothelial dysfunction data add to the existing body of evidence suggesting that these patients are at risk of accelerated atherosclerosis. It is still not clear why we do not see an overwhelming increase in morbidity and mortality in view of the wealth of CVR factors. Is it due to the protective youth of these patients, or is it restricted to those that subsequently develop diabetes and the added metabolic burden of that condition? 
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